ABSTRACT -This article uses "Six Sigma" methodology for the elaboration of an algorithm for routing problems which is able to obtain more efficient results than those from Clarke and Wright´s (CW) algorithm (1964) in situations of random increase of product delivery demands, facing the incapability of service level increase . In some situations, the algorithm proposed obtained more efficient results than the CW algorithm. The key factor was a reduction in the number of mistakes (one way routes) and in the level of result variation.
PROPOSAL OF ALGORITHM FOR ROUTE OPTIMIZATION PROPOSTA DE ALGORITMO PARA UTILIZAÇÃO DE ROTAS

INTRODUCTION
O According to Laporte et al. (2000) , the vehicle routing problem is the choice of routes to be travelled by vehicles, so that these match every point exactly once, and that the demand on each trip does not exceed the maximum capacity of the vehicle at the lowest possible total cost. To Hall and Partyka (1997) , the proposed heuristic calculations require robustness, i.e. they are unable to obtain the best results for problems with conditioning features or restrictions other than those in which the model was developed.
Among the main methods proposed in the literature, it is the algorithm of Clarke and Wright (1964) (CW) that solves problems of vehicles routing through an algorithm which defines the routes based on the greatest gained distance. This method is able to provide very efficient results. According to Ballou (2006) , its solutions are, on average, two percent more expensive than the optimum level. To Hensher and Button (2008) , the models applied to transport, which appeared between the 50s and 60s, had intended to resolve essentially practical problems, where the focus was just to improve the systems performance. However, currently the transport modeling study seeks to formulate models and algorithms that consider the influence of economic factors behavior, including the costs and the relationship between supply and demand. One of the most notorious heuristics is the one of Chien et al. (1989) , which deal with an entire mixed programming model that allocates the factory inventory distribution to customers, groups customers in routes and routes it. The problem of multiperiod is decomposed into sub problems series of a single period, using objective function of a single period. In parallel, Speranza and Ukovick (1994) 
Where: dD,i is the distance between the warehouse D and the client i, as Figure 1 . However, there is the possibility to perform deliveries at two or more points in the same route. Hence, there is a reduction in mileage rates and that generates efficiency gains. The calculation is given by Equation 2: To Wheeler (2002) , the metrics used in the "Six Sigma" observe the defects more efficiently than those used in classical quality programs, such as metrics. According to Wheeler (2002) and Lucas (2002) , they are Table 1 shows sigma levels and their respective amounts of defects per million. In a complementary manner for the analysis of the results, Breyfogle (1999) proposes the calculation First Throughput Yield (FTY), which measures the pinpoint process yield indicating the probability of obtaining zero defects in each specific step, by Equation (6).
In addition to this calculation, Werkema (2002) and Pande, Neuman and Cavanagh (2002) propose the Rolled Throughput Yield (RTY), which represents the probability of a single product going through several processes and coming out of them with zero defects, as Figure 7 . :
According to Werkema (2002) , the RTY can also be obtained by multiplying the FTY of each step of the process, as Figure 8 .
Lobos ( 
METHODOLOGY
The work consists of a case study with fictitious data in which will be held 11 simulations with the algorithm Clarke and Sigma" statistical techniques.
CASE STUDY AND SIMULATIONS WITH CLARKE AND WRIGHT'S ALGORITHM (1964)
A case study regarding fictitious cargo carrier company "Mega Transportes", located in the city of Brasília-DF, will be conducted.
The company is at the beginning of its operations and currently, it has only one truck with capacity to carry up to 4 tons. The company's financial situation is fragile, due to the initial investment in structure, advertising and working capital necessary to cover shortterm obligations.
The investment in advertising is generating good results and the demand of existing customers is increasing constantly. The data that compound the decision problem of routes used in the simulations are based on: a) the demands of delivery; b) the discharge time; and c) fictitious delivery points relating to the city of Brasilia-DF (Table 2 ).
The actual values of the distances between the points of delivery were found with the help of Google Maps software, according to Table 3 . 
The results of total travelling time and total distance travelled are set out in Table 4 .
Each system corresponds to the attendance of all points of demand. Consequently, it is possible to infer that the elasticity of supply capacity in services and demand is a factor that also influences the compositions of the routes. The string should be ordered in descending mode -the result must be a "hierarchy of points with greater demand ': Point 1-3.5 t; Point 6-2.8 t; Point 5 -2.5 t;
PROPOSAL OF THE ALGORITHM AND ITS
APPLICATION
Point 8-2.0 t; Point 7 -1.8 t; Point 2-1.5 t;
Point 9-1.3 t; Point 10-1.2 t; Point 4 -0.7 t;
Point 3 -0.2 t. Links for each point of delivery in accordance with the sequence established will be listed.
To accomplish the second objective, you must: b) List all possible combinations for the first point of the "hierarchy of points with greater demand," according to capacity constraints, as Table 5 . routes, it will be excluded the possibility of inserting one or more additional points on the same route, i.e. the maximum points of delivery to be met on the same route will be two.
The application of the algorithm is illustrated below (Table 6) . We used the same data and restrictive parameters of the Table   6 . Table 6 . Possible Combinations between two points.
The end result of this simulation resulted in a system consisting of the following routes of delivery: S13; S46; S25; S89 and S710.
COMPARISON BETWEEN THE TWO ALGORITHMS
For comparison purposes, the same amount of simulations for both algorithms (proposed and the Clarke-Wright´s), using the same data and constraints of the problem was conducted. The results are detailed in Table 8 , where: N3 = number of routes with connection between 3 points. N2 = number of routes with connection between 2 points. N1 = number of delivery routes only.
Dark grey = highest numeric value.
Light grey = lowest numeric value. According to Davis, Aquilano and Chase (2001) , the main objective of the statistical quality control is to keep a process under control, with results that are within tolerable limits. To check the sigma level of both processes, the following indexes were calculated: dpu (defects per unit), dpo (defects per opportunity), dpmo (defects per million opportunities), RTY (probability of zero defects in a multi-step process, where each system consists of a step) and the yield of the process, as Table 8 . The data showed that the proposed algorithm has much lower rates of defects per unit of defects per opportunity the higher income in the process (16.99% higher). The 
